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Apparatus for evaporation of materials for coating of objects 

Field of invention 

The invention relates to an apparatus for evaporation of materials for 
5 coating of objects by a physical method using low voltage electric arc, such 
apparatus being equipped with a source of magnetic field and with an anode 
and a cathode of electric arc. 

Background of invention 

10 Various devices for the deposition of hard coatings using a physical 

method, i.e. Physical Vapour Deposition (PVD), are known. 

Technologies are known using low voltage arc for evaporation of 
particles tiiat create a coating on a substrate/object to be coated under gaseous 
atmosphere. The produced coating can be of the TiN type, hi such case the 

15 mass of the coating is removed from the surface of a metallic target, e.g. 
made of titanium, by evaporation using a low voltage electric arc. 

In case dc low voltage electric arc is eniployed as a source for 
evaporation of material, the burning of the arc may be imcontroUed, or it can 
be controlled by a magnetic field, hi both cases the evaporation of material 

20 occurs in the place of the cathode spot moving over the cathode surface of the 
low voltage arc. Li the area of the cathode sfpot a microbath is created 
achieving temperatures of the order of 10 000 ''C. In tiie area of the 
microbath an intense evaporation and spluttering of the cathode material is 
seen. The evaporated material settles on the surface of objects to be coated in 

25 atomary or molecular form, while the spluttered part of material settles in 
forai of macroparticles. The largest amount of macroparticles originates in 
case of applying non-controlled low voltage arc. Such solution is described. 
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e.g., in the article Pokrytia polucennye kondenzaciei pla2mennykh potokov v 
vakuume, Ukrainskii fiziceskii zumal, Tom 24, No 4, Otdelnyj ottisk, Kiev - 
1070. 

The drawback of such solution consists in particular in that the 
5 macroparticles impair the physical and chemical properties of the coating. 

In the case of an arc controlled by magnetic field the motion of the 
cathode spot can be substantially accelerated, see e.g. WO 85/03954 and US 
4,637,477. This results in reduced diameter of the microbath in the area of the 
cathode spot and in reduced numbers of originating macroparticles. The arc 

10 moves in particular in the region of high magnetic field intensity, and namely 
in perpendicular direction to the magnetic field lines of force. Due to that a 
region with more pronounced erosion develops on the electrode surface. In 
the course of decreasing thickness of the electrode, Le. cathode, in the region 
of its erosion, the area of the arc motion approaches tiie source of magnetic 

15 field, which leads to growing intensity of magnetic field in the given place. 
Accordingly, the motion of the cathode spot gets more and more focussed in 
a restricted area, until the arc will cut into one single track. This will 
considerably reduce the life of the cathode. 

The problem of cutting the path of the arc is partially solved by a 

20 technology using a plurality of magnetic field sources for the control of the 
arc motion, such as electromagnetic coils, see the exanq)le of the disclosed 
intemational application WO 95/06954. Shifting the region of magnetic field 
of the highest intensity can result in more uniform erosion of the cathode 
surface. 

25 This piupose can be served, e.g., by two electromagnetic coils in 

different locations. By changing the intensity of current applied to single 
coils the position of maximum magnetic field intensity upon the electrode 
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surfece can be varied It is a disadvantage of such technology that flie 
magnetic field motion cannot be controlled unifomily enough upon the whole 
cathode surface, thus only delaying the moment of irregular wear of the 
electrode. Accordingly, only a limited part of the electrode material can be 
5 Utilised for depositing the coating. 

Another known technology consists in the mechanical motion of a 
relatively small permanent magnet or electromagnet behind the electrode, i.e. 
the cathode of low voltage arc, such as the disclosed international q)plication 
WO 85/03954. The drawback of this technology is the fact that only a small 
10 part of the electrode surface is covered by magnetic field. Under higher 
currents in the low voltage arc the arc can penetrate down to the area with 
low magnetic field intensity, which again results in growing numbers of 
macroparticles. 

It is the aim of the present invention to create a solution allowing 
15 substantially better utilisation of material of the evaporation electrode, while 
mamtaining the coating quality on the substrate, m particular by achieving 
very low quantities of originating macroparticles. 

Summary of the invention 
20 The disadvantages of the known solutions are done away with by the 

solution according to the invention, the essence of which consists in that at 
least one cathode and at least one source of magnetic field pivot with respect 
to one another in a coating chamber. 

It is also substantial that the source of magnetic field consists of at 
25 least one magnetic coil or at least one permanent magnet. 

In a preferable embodiment the cathode is cylindrical. 
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For an efiBcient and regular motion of the cathode spot on die surface 
of the cathode there is a substantial alternative embodiment wherein the 
source of magnetic field is located inside the pivoting cathode, the magnetic 
field source being arranged as immovable. 
5 Regarding the simplicity of design it is preferable to pivot the source 

of magnetic field accommodated inside the cathode, the cathode being 
immovable. 

In case the evaporating apparatus is in the centre of the chamber, it is ^ 
important to locate the anode close to the cathode, approximately opposite 
10 the source of the magnetic field accommodated inside the cathode. 

In case the evaporating apparatus is in the centre of the chamber, it is 
preferable, for the possibility of evaporating a plurality of mateiials, to 
arrange two cathodes symmetrically opposite the anode. 

For easy handling of the objects to be coated according to tiie 
15 invention it is preferable to locate the evaporating equipment at tiie wall of 
the depositing chamber, i.e. to accommodate the cathode eccentrically 
between the wall of the coating chamber and the objects to be coated. 

It is preferable to direct the source of magnetic field to the centre of the 
coating chamber. 

20 If the evaporating apparatus has been eccentrically arranged at the wall 

of the coating chamber, it is preferable to divide the anode at least in two 
sections arranged at the sides of the cathode. This allows at least two 
cathodes to be accommodated between single sections of the anode. 

25 The advantage of the solution according to the present invention 

consists in that the uniform mechanical motion of the magnetic field with 
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respect to the surface of the cathode being evaporated considerably extends 
the life of the cathode. 

Another advantage consists in that a hollow cathode of cylindrical 
form has a considerably larger surfece than a planar electrode occupying the 
5 same space >yithin a coating chaniber. This is beneficial particularly in cases 
requiring to evaporatt two materials at a time and requiring the growing layer 
to have very regular composition in various places of the layer being 
deposited. This requires the diameter of the cathodes to be as small as 
possible. 

10 Another advantage consists in that the length of the source of the 

magnetic field approximately equals the length of the hollow cathode. The 
circumstance that the magnetic field is considerably vast can prevent the 
extension of the arc into places with low magnetic field intensity, although 
the low voltage current may achieve high values. This results in acceptably 

15 small quantities of macroparticles even under high velocities of coating 
growth. 

Yet another advantage consists in that a simple replacement of a source 
of magnetic field by a more powerful source and a replacement of the source 
of low voltage aire by a source for magnetron pulverisation enable the 
20 apparatus to operate also in the mode of magnetron powder coating. 

Brief description of the drawings 

Further advantages and features of the invention ensue fi-om the 
following description based upon drawings where Fig. 1 shows a 
25 diagrammatical firont elevation of the first embodiment of the invention. Fig. 
2 a diagrammatical layout of the first embodiment in partial section. Fig. 3 a 
diagramatical firont elevation of the second example of embodiment, Fig. 4 a 
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schematic layout of the second example of embodiment in partial section. 
Fig. 5 a diagramatical front elevation of the third exan5)le of embodiment. 
Fig. 6 a diagrammatical layout of the third example of embodiment in partial 
section, Fig, 7 a diagramatical front elevation of the fourth example of 
5 embodiment, and Fig. 8 a diagramatical layout of the fourth example of 
embodiment in partial section. 

Examples of embodiment of the invention 

The descriptions of various examples of embodiment are provided with 
10 the same reference numbers for the same parts, or possibly for the parts 
executed in the same way. In some cases the identical parts used repeatedly 
bear the same reference numbers differentiated with added letters. 

Example 1 

15 The centre of the coating chamber i (Fig. 1) accommodates an 

apparatus for evaporation of materials according to the invention that is 
referred to as evaporating device in the fiirther description. The coating 
chamber 1 is provided by outlet la for gas evacuation. The basic parts of the 
evaporating device are cathodes 2a and 2b of the low voltage arc, anode 3 of 

20 the low voltage arc and source 4a and 4b of magnetic field (Figs 1 and 2). 
Cathodes 2a and 2b are cylindrical, i.e. they have cylindrical or similar form, 
they are hollow and at least their outer surface is made of material suitable 
for evaporation by the method of low voltage arc for coating by physical 
vapour deposition method, such as titanium or aluminium. Cathodes 2a and 

25 2b pivot on their bearing parts 2c and 2d using not illustrated bearings. The 
bearing parts 2c and 2d of cathodes 2a and 2b are provided with pulleys 5a 
and 5b that are linked with a not illustrated driving mechanism. Cathodes 2a 
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and 2b accommodate, in their inside, the sources 4a and 4b of magnetic field 
that are created by pole shoes 6a and 6b and electromagnetic coils 7a and 7b 
composing together an electromagnet. The pole shoes 6a and 6b are made of 
magnetically soft material, they are connected by electromagnetic coils 7a 
5 and 7b and rigidly held in a not illustrated firame by carriers 8a and 8b, so as 
to aUow the pole shoes 6a and 6b to be directed to the centre of coatmg 
chamber i. Approximately in the centre of coating chamber i, between first 
cathode 2a and second cathode 2b, the anode 3 of the low voltage arc is 
immovably located. 

10 The not illustrated current connections for electromagnetic coils 7a and 

7b pass through the carriers 8a and 8b. Cathodes 2a and 2b are electrically 
separated by insulation 9 firom the coating chamber L Sources 10a and 10b of 
low voltage arc are inserted between anode 3 and cathodes 2a, 2b. Current is 
brought to cathodes 2a and 2b by not illustrated current busses. Both 

15 cathodes 2a and 2b are water-cooled by means of a not illustrated known 
cooling system. 

According to the example of embodiment the basic dimensions of the 
parts of the evaporating device are as follows: the outer diameter of cathodes 
2a, 2b is 80 mm, the internal diameter of cathodes is 60 mm, the height of 

20 cathodes 2a and 2b is 300 mm, the distance between cathodes 2a, 2b is 50 
mm, the water cooled electromagnetic coils 7a and 7b are characterised by 
100 threads and maximum current 20 A, the total height of electromagnetic 
coils 7a and 7b is 250 mm and the distance of cathodes 2a and 2b from the 
substrate is 150 mm. 

25 After the ignition of the electric arc by a not illustrated ignitor, 

attached, e.g., at the bottom or at the wall of coating chamber 1, the arc 
moves in the region of the strongest magnetic field perpendicularly to the 



.02S0864A1_U> 



wo 02/50864 



PCT/CZOl/00075 



8 

lines offeree of the magnetic field along an elongated trajectory 11 between 
both poles of the electromagnet, the trajectory JJ, being directed towards the 
centre of coating chamber 1. This accounts for the gradual change of the area 
on both cathodes 2a and 2b from which the material is being evaporated, 

5 during the regular rotation of cathodes 2a and 2b. Thanks to the regular 
mechanical motion of cathodes 2a and 2b the cathode spot can regularly 
travel and the removal of material from cathodes 2a and 2b is uniform almost 
over their complete surface. The evaporated particles move in direction 12 
(Fig. 2) to the not illustrated substrate/object to be coated that is located in 

10 region 13. As shown in Fig. 1, negative voltage from a dc source 14 is 
applied to the objects to be coated, the positive pole being coimected with 
coating chamber 1. 

Example 2 

15 The not illustrated coating chamber is provided with door 15 attached 

to it over flange 16 (Figs. 3 and 4). Door 15 is placed in the wall of a not 
illustrated coating chamber, being conductively connected with the latter and 
creating a closed space with it. The door 15 accommodates the evaporating 
device. The basic parts of the evaporating device are cathodes 2a and 2b of 

20 the low voltage arc, anode 3 of the low voltage arc and source 4a and 4b of 
magnetic field. Cathodes 2a and 2b pivot similarly as in example 1, their 
rotary motion being derived from pulleys 5a and 5b. Cathodes 2a and 2b 
accommodate, in their inside, the sources 4a and 4b of magnetic field that are 
created by pole shoes 6a and 6b and electromagnetic coils 7a and 7b. The 

25 pole shoes 6a and 6b are made of magnetically soft material, they are fixed 
by electromagnetic coils 7a and 7b and rigidly held by carriers 8a and 8b 
similarly as in example V, so as to allow the pole shoes 6a and 6b to be 
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directed to the centre of coating chamber i. The not illustrated current 
connections for electromagnetic coils pass through the carriers 8a and 8b. 
Cathodes 2a and 2b are electrically separated by insulation 9 from the coating 
chamber. Sources 10a and 10b of low voltage arc are inserted between the 
5 anode 3 that is conductively connected with door 15 and cathodes 2a, 2b. 
Anode 3 is multiple, in this example consisting of three parts. Current is 
brought to cathodes 2a and 2b by not illustrated current busses. Both 
cathodes 2a and 2b are water-cooled by means of a not illustrated known 
cooling system. 

10 According to example 2 of embodiment the basic dimensions of the 

parts of the evaporating device are as follows: the outer diameter of cathodes 
2a, 2b is 80 nam, the intemal diameter of cathodes is 60 mm, the height of 
cathodes 2a and 2b is 300 mm, the distance between cathodes 2a, 2b is 
50 mm, the water cooled electromagnetic coils 7a and 7b are characterised by 

15 100 threads and maximum current 20 A, the total height of electromagnetic 
coils 7a and 7b is 250 mm and the distance of cathodes 2a and 2b from the 
substrate is 1 50 mm. Accordmgly, they are identical as in example 1 . 

After the ignition of the electric arc by a not illustrated ignitor, 
attached, e.g., at the bottom part of door 15, the arc moves in the region of 

20 the strongest magnetic field perpendicularly to the lines of force of the 
magnetic field along trajectory il. Thus the areas on cathodes 2a and 2b. 
from which their material ev^orate, gradually change during the rotation of 
cathodes 2a and 2b. Thanks to the regular mechanical motion of cathodes 2a 
and 2b the cathode spot can regularly travel and the removal of material from 

25 cathodes 2a and 2b is uniform almost over their complete sur&ce. The 
evaporated particles move in direction 12 to the not illustrated substrate. 
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Example 3 

Door 15 (Figs. 5 and 6), which is placed similarly as in example 2 in 
the wall of a not illustrated coating chamber, with which it is conductively 
coimected, accommodates ah evaporating device. The basic parts of the 

5 evaporating device are cathode 2 of the low voltage arc, anode 3 of the low 
voltage arc and source 4 of magnetic field Cathode 2 is cylindrical and 
immovable, however, it is arranged adjustably or shiftably in order to be 
either only tumable or turned and adjusted, e.g., by manual setting. The ( 
arrangement allows adjusting to three positions by 120^ increments. Anode 3 

10 is immovable. 

Cathode 2 accommodates in its inside the source 4 of magnetic field 
created by pole shoe 6 made of magnetically soft material and an 
electromagnetic coil 7 firmly connected with it. This system, i.e. the whole 
source 4 of magnetic field, pivots inside cathode 2 or has the possibility to 

15 turn around the axis of cathode 2 by pulley 5 accommodated on carrier 8 that 
is tumably supported in a not illustrated frame. The degree of turning must 
allow at least 30° to both sides firom the central position. Generally the source 
4 of magnetic field is directed towards the centre of the coating chamber. The 
not illustrated current supply wires for the electromagnetic coil 7 pass 

20 through carrier 8. Cathode 2 is electrically separated from door 15 of coating 
chamber by insulation 9. Source iO of low voltage is inserted between anode 
3 being electrically conductively conuected with door 15 and cathode 2, 
Cathode 2 is water cooled in analogy with the previous examples. The 
relative arrangement of cathode and anode allows anode 3 to be divided in 

25 two sections, cathodes 2 being accommodated between them. A plurality of 
cathode 2 can be arranged between the sections of anode 3 or, more 
generally, at least two cathodes 2 can be arranged adjacent to each other. 

BNSCXX;iD:<WO ^0250864A1J_> ' 
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The basic dimensions of the parts of the evaporating device are the 
same as in examples 1 and 2. 

After the igtiition of the electric arc by a not illustrated ignitor, 
attached, e.g., at the bottom part of the door, the arc moves in the region of 
5 tihie strongest magnetic field perpendicularly to the lines of force of the 
magnetic field along trajectory il. By turning the source 4 of magnetic field 
by 30° to both sides fi-om the central position, accordingly, the area on the 
surface of cathode 2 from which the material of cathode 2 is evaporated, 
gradually changes. After the cathode has become worn in the given position, 

10 such as after 30 processes, it can be re-adjusted or manually set to the next 
position. It is preferable to reset it gradually it into three positions by steps of 
120^, One process is understood to be the operation of depositing a fiill 
coating on one batch of objects to be coated. It is obvious, according to the 
operation conditions, that cathode 2 can be re-adjusted between the processes 

15 only. 

Due to the regular motion of the magnetic field, caused by regular 
incremental turning of source 4 of magnetic field, the cathode spot can travel 
uniformly and the removal of material from cathode 2 is almost uniform in 
the given position of cathode. The evaporated particles move in direction 12 
20 towards the not illustrated substrate. 

Example 4 

The centre of the coating chamber i accommodates an evaporating 
device with many parts arranged in analogy with an embodiment according 
25 to example 1 . The basic parts of the evaporating device are electrodes 2a and 
2b of the low voltage arc and source 4a and 4b of magnetic field. Electrodes 
2a and 2b are cylindrical, i.e. they have cylindrical or similar form, they are 
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hollow and at least their outer surface is made of material suitable for 
evaporation by the method of low voltage arc for coating by physical vapour 
deposition method (PVD), such as titanium or aluminium. Electrodes 2a and 
2b pivot on their bearing parts 2c and 2d using not illustrated bearings. The 
5 bearing parts 2c and 2d of electrodes 2a and 2b are provided with pulleys 5a 
and 5b that are linked with a not illustrated driving mechanism. Cathodes 2a 
and 2b accommodate^ in their inside, the sources 4a and 4b of magnetic field 
that are created by pole shoes 6a and 6b and electromagnetic coils 7a and 7b . 
The pole shoes 6a and 6b are made of magnetically soft material, they are 

10 firmly connected with electromagnetic coils 7a and 7b and rigidly held in a 
not illustrated jBrame by carriers 8a and 8b, so as to allow the pole shoes 6a 
and 6b to be directed to the centre of coating chamber h Not illustrated 
power supply wires for electromagnetic coils 7a and 7b pass through carriers 
8a and 8b. Electrodes 2a and 2b are electrically separated fi-om the coating 

15 chamber i by insulation 9. Altemating power source 10 of low voltage arc is 
inserted between the electrodes 2a and 2b. 

Electrodes 2a and 2b get power supply firom not illustrated cmrent 
busses. Both electrodes 2a and 2b are water-cooled by means of a not 
illustrated known cooling system. 

20 According to the example of embodiment the basic dimensions of the 

parts of the evaporating device are as follows: the outer diameter of 
electrodes 2a, 2b is 80 mm, the internal diameter of electrodes is 60 mm, the 
height of electrodes 2a and 2b is 300 mm, the distance between electrodes 2a, 
2b is 50 mm, the water cooled electromagnetic coils 7a and 7b are 

25 characterised by 100 threads and maximum current 20 A, the total height of 
electromagnetic coils 7a and 7b is 250 mm and the distance of electrodes 2a 
and 2b firom the substrate is 150 mm. 



BNSDOCIO: <WO ^0250864A1J_> 



wo 02/50864 



PCT/CZOl/00075 



13 

The source 10 of electric low voltage arc is alternating, i.e. the 
electrodes 2a and 2b are under alternating electric tension, for instance with 
pulse period of 2 seconds. The pulse form of the low voltage arc is 
approximately rectangular. During the first part Tl of each pulse period the 
5 first electrode 2a operates as cathode of the low voltage arc and the second 
electrode 2b as its anode. During the second part T2 of the pulse period the 
second electrode 2b is the cathode of the low voltage arc and first electrode 
2a its anode. The ratio T1/T2 can be used for changmg the stoichiometry of 
the layer. 

The description of examples of embodiment help to better 
understanding of the following facts: At least one cathode 2a, 2b, 2 and at 
least one source 4a, 4b, 4 of the magnetic field are arranged in coating 
chamber i so as to pivot against each other. Further cathodes and sources of 

15 magnetic field that have the same arrangement, i.e. can pivot towards one 
another, can be accommodated in the coating chamber. 

The cathode 23^ 2b, 2 of evaporated material is a hollow electrode of 
approximately cylindrical shape. It is usually arranged vertically and its 
length considerably exceeds its diameter. This electrode can rotate around its 

20 axis, the source 4a, 4b, 4 of the magnetic field being immovable or, possibly, 
source 4a, 4b, 4 of the magnetic field accommodated inside cathode 2a, 2b, 2 
can turn or incrementally turn around the axis of inmiovable hollow cathode 
2a, 2b, 2. The length of source 4a, 4b, 4 of magnetic field equals 
approximately the length of cathode 2a, 2b, 2, 

25 The evaporating device consisting of cathode 2a, 2b, 2 and anode 3 

and source 4a, 4b, 4 of magnetic field can be accommodated in the centre of 
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coating chamber i or close to the wall of coating chamber i, i,e. between the 
wall of coating chamber i and the object to be coated. 

If the evaporating device is located in the centre of the coating 
chamber i, in the simplest case it can consist of otie cathode and one anode 
5 and one source of magnetic field. The anode 3 is arranged approximately 
opposite source 4a, 4b of magnetic field The cathode caa be pivoted and 
during the operation of the apparatus according to the invention it rotates; in 
such case the source of magnetic field is immovable and is permanently 
directed to the anode. If cathode 2 is imniovable during the process, it is 

10 indispensable to have a movable source 4a, 4b of magnetic field One 
preferable solution consists in reciprocating turning movement around the 
axis, e.g. within the range of 30° from the central position to both sides. In 
such case the central position of the source of magnetic field is directed to the 
anode. Since the electric arc bums only at a part of the electrode, in case of 

15 cathode 2 that is immovable during the process such cathode 2 can be tumed 
between the processes. It is preferable to tum it by a certain increment at the 
moment a certain wear of cathode 2 can be established in the given position. 
It is preferable to arrange the evaporating device so as to allow the fixing of 
cathode 2 at least in two different positions; it is preferable to ensure the 

20 possibiUty of adjustment in three positions with steps of 120^ each. The 
arrangement in a plurality of positions is possible. If the evaporating device is 
located in the centre of the coating chamber, such source can comprise also a 
plurality of cathodes. The optimum are two cathodes, 2b - in such case it is 
preferable to accommodate them symmetrically with respect to anode 3. The 

25 location of sources 4a, 4b of the magnetic field and the possible rotation of 
the electrode or of sources 4a, 4b of magnetic field are equal as in the case of 
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one cathode. Substrates/objects to be coated are located around the 
evaporating device. 

In all examples of embodiment of the invention the electromagnetic 
coils can be replaced by known permanent magnets having the same 
5 orientation of magnetic field as the described pole shoes of electromagnetic 
coils. It is also possible to combine electromagnetic coils arid permanent 
magnets. 

If the evaporating device is located in the vicinity of a wall of the 
coating chamber or, possibly, m the door of the coating chamber, in the 
10 sinq)Iest case it can consist of one anode 3 and one cathode 2 and of a source 
of magnetic field. In such case the anode consists of two parts symmetrically 
attached at the sides of cathode 2 so as to leave free space between cathode 2 
and the objects to be coated that are located between the centre of the coating 
chamber and cathode 2. The magnetic field is directed to tiie centre of the 
15 chamber. Cathode 2 can pivot, i.e. during the operation of tfie apparatus 
according to the invention it performs rotary motion - in such case source 4 
of magnetic field is fixed. In case both the anode and the cathode are 
immovable during the process, source 4 of magnetic field must necessarily 
move. The optimum motion is reciprocating tumable motion around the axis, 
20 such as within the range of 30° from the central position to both sides. Since 
the electric arc bunas on a part of the elecfrode only, it is possible to turn 
cathode 2, that is immovable during the process, between the processes. It is 
favourable to turn cathode 2 by increments, if it is worn in an existing 
position. It is suitable to arrange the evaporating device so as to allow the 
25 fixation of cathode 2 in three positions by steps of 120". If the evaporating 
device is accommodated at the wall of the coating chambCT, a plurality of 
cathodes can be located adjacent to one another. The anode can be 
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accommodated between these cathodes, but it is not indispensable. The anode 
or the anodes of the low voltage arc can be in principle electrically connected 
with the coating chamber, but it is not mandatory. 

The evaporating devices described in single examples can represent 
5 one evaporating device unit, however, a plurality of such devices can be 
arranged in the coating chamber or, possibly, around the cncumference of the 
coating chamber. 

Another solution is possible allowing two electrodes positioned 
opposite each other or, possibly, adjacent to one another, said electrodes 
10 alternating as cathode and anode in case of applying an alternating source of 
low voltage arc. 

Industrial applicabilitv 

The apparatus according to the invention is intended for evaporation of 
15 materials from metallic targets by way of low voltage arc and is part of a imit 
intended for coating metalUc and non metallic objects by physical vapour 
deposition method PVD. The invention will be particularly useful for 
providing machining tools with hard and very hard coatmgs. 

Replacing the source of liiagnetic field by a stronger one and replacing 
20 the source of low voltage arc by a source for magnetron pulverisation enables 
the apparatus according to the invention to operate also in the mode of 
magnetron powder coating of objects to be coated. 



25 
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List of parts 

1 coating chamber 

la outlet (for evacuation) 

2 cathode 

5 2a cathode, electrode 

2b cathode, electrode 

2c bearing parts 

2d bearing parts 

3 anode 

10 4 source (of magnetic field) 

4a source (of magnetic field) 

4b source (of magnetic field) 

5 pulley 
5a pulley 

15 5b pulley 

6 pole shoes 
6a pole shoe 
6b pole shoe 

7 ' electromagnetic coil 
20 7a electromagnetic coil 

7b electromagnetic coil 

8 carrier 
8a carrier 
8b carrier 

25 9 insulation 

10 source (of arc) 
10a source (of arc) 
10b source (of arc) 

1 1 trajectory 
30 12 direction 

13 region 

14 dc source 

15 door 

16 flange (of door) 
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CLAIMS 



1. Apparatus for evaporation of materials for coating of objects by a physical 
5 method using low voltage electric arc, such apparatus being equipped with 

a source of magnetic field and with an anode and a cathode of electric arc, 
characterized in that at least one cathode (2a, 2b, 2) and at least one 
source (4a, 4b, 4) of magnetic field can pivot with respect to one another 
in a coating chamber (1). 

10 

2. Apparatus according to claim 1, characterized in that the source (4a, 4b, 
4) of magnetic field consists of at least one magnetic coil (7a, 7b, 7). 

3. Apparatus according to claim 1, characterized in that the source (4a, 4b, 
15 4) of magnetic field consists of at least one pemianent magnet 

4. Apparatus according to claim 1 or 2 or 3, characterized in that the 
cathode (2a, 2b, 2) is cylindrical. 

20 5. Apparatus according to claim 1 or 2 or 3, characterized in that the 
source (4a, 4b, 4) of magnetic field is accommodated inside the cathode 
(2a, 2b, 2). 

6. Apparatus according to any of claims 1 to 5, characterized in that the 
25 ca&ode (2a. 2b, 2) is arranged so as to pivot. 
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7. Apparatus according to claim 6, characterized in that the source (4a, 4b, 
4) of magnetic field is arranged as immovable. 

8. Apparatus according to any of claims 1 to 5, characterized in that tiie 
5 source (4a, 4b, 4) of magnetic field is arranged so as to pivot. 

9. Apparatus according to claim 8, characterized in that the cathode (2a, 
2b, 2) is arranged as immovable. 

10 10. Apparatus according to any of claims 1 to 9, characterized in that the 
cathode (2a, 2b, 2) is arranged in the central region of the coating chamber 
(1). 

11. Apparatus according to claim 10, characterized in that the anode (3) is 
15 attached to the source (4a, 4b, 4) of the magnetic field. 

12. Apparatus according to claim 11, characterized in that at least two 
cathodes (2a, 2b, 2) are arranged symmetrically to anode (3). 

20 13.Apparatus according to any of claims 1 to 9, characterized in that the 
cathode is accommodated between the wall of coating chamber (1) and 
the objects to be coated 

M.Apparatus according to claim 1 or 13, characterized in that the source 
25 (4a, 4b, 4) of magnetic field is directed to the centre of the coating 
chamber (1). 
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15. Apparatus according to claim 13, characterized in that the anode (3) is 
divided at least in two sections arranged at the sides of the cathode (2a, 
2b, 2). 

5 16. Apparatus according to claim 15, characterized in that between the 
single sections of anode (3) at least two cathodes (2, 2a, 2b) are 
accommodated. 
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